Assessing ∆S in the Langmuir Model
According to the Langmuir model we derived in the manuscript, the CO 2 
Here, we provide a more detailed treatment of the entropy term, ∆S ads,CO 2 − ∆S ads,H 2 O . To assess the entropy correctly, it is important to bear in mind the different degrees of freedom, which each have their contribution to the total entropy. An H 2 O gas molecule has 3 translational, 3 rotational, and 3 vibrational degrees of freedom ( Figure 1 ). Due to its linearity, the CO 2 molecule has 2 rotational and 4 vibrational degrees of freedom on top of 3 translations. Upon adsorption in a nanoporous materials, the molecule's translational and rotational degrees of freedom are lost and substituted by vibrational degrees of freedom that are essentially hindered translational and rotational moves. Gas" Ads."
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Vibra1onal" 3" 9" Fig. 1 The degrees of freedom (DOF) for CO 2 and H 2 O in gas phase and adsorbed in a framework.
The translational, rotational and vibrational entropy contributions can be written as 1 1 
k B is the Boltzmann constant, h Planck's constant, M the mass and V the volume of the gas molecule. σ rot the symmetry number and I x the principal moments of inertia, which are easily calculated from the atom masses and positions. Finally, ν i , the frequencies of the vibrations are determined with DFT calculations.
The frequencies of the adsorbed molecules are assessed in zeolite unit cells with periodic boundary conditions using the Vienna Ab-initio Simulation Package 2,3 . This code uses projector-augmented wave potentials and a plane wave basis set to describe the electron density. The exchange-correlation functional is expressed by the generalized-gradient approximation with the Perdew-Burke-Ernzerhof parameterization 4, 5 . The relatively large zeolite unit cells allow us to only consider the Γ point, the cut-off energy is set to 500 eV and Grimme's D3 van der Waals corrections 6 are included. The structure for MFI is taken from the IZA database 7 and the structure of -OKO from Verheyen et al. 8 The framework is kept fixed, while the gas molecules are allowed to relax until 0.01 eV/Å force convergence is reached. Frequency calculations then use 0.02Å perturbations, leading to the obtained vibrational frequencies listed in Table 1 . Table 1 Vibrational frequencies for molecules adsorbed in zeolite frameworks.
The frequencies of the gas phase molecules were determined in Gaussian 9 to avoid imaginary frequencies that occur when gas molecules are considered with a periodic approach. The B3LYP functional and 6-31+G(d,p) basisset were used and the frequencies are shown in Table 2 .
We have evaluated the difference in adsorption entropy between CO 2 and H 2 O with four different approaches. 
Model 1
In a first approximation, the adsorption entropy could be approximated by the loss in translational and rotational entropy, i.e.
The resulting adsorption entropy for CO 2 is more negative than for H 2 O, i.e. ∆S ads,CO 2 − ∆S ads,H 2 O < 0 ( 
Model 2
In the second model, we don't make any prior assumptions and we calculate the adsorption entropy straightforwardly as:
∆S ads = S vib,ads − S vib,gas − S trans,gas − S rot,gas
The entropy of the adsorbed CO 2 and H 2 O molecules (S vib,ads ) is determined in an adsorption site of the MFI framework (see Figure 2 ). Table 4 shows that also for this approach, the entropy loss for CO 2 Table 5 Adsorption entropy (in J/molK) for CO 2 in the MFI framework and H 2 O in the -OKO framework
Model 4
Following the train of thought that H 2 O loses more rotational entropy upon adsorption than does CO 2 , we could also assume that CO 2 mainly loses its translational freedom whereas H 2 O loses both its translational and rotational freedom. We can write this as:
∆S ads,CO 2 = −S trans,CO 2 (8)
The resulting entropy difference ∆ in Table 6 is even more positive than in Table 5 . The effect on the overall CO 2 /H 2 O selectivity (Equation 1) will therefore also be more pronounced. 
Comparison and Conclusion
In Figure 4 , the four proposed theoretical models are compared with the results from molecular simulations of the binary mixtures in the zeolites of the IZA database (see Main Manuscript, Section 5). For Model 3, with CO 2 and H 2 O vibrations determined in MFI and -OKO respectively, the agreement at low ∆H's is worse than for Model 2, but the qualitative trend of an optimal performing region around +2 kJ/mol is visible. The discrepancy between the last points and the theoretical curve indicates the failure of the Langmuir model. This is most likely due to the fact that there are many more adsorption sites for H 2 O than for CO 2 , partly driven by the formation of H 2 O networks Model 4 finally, shows the same trend as Model 3, but overshoots the simulation results.
To conclude the assessment of the entropy, we decide to use the adsorption entropy for CO 2 in MFI and for H 2 O in -OKO. This approach best fits the trends we also see in the molecular simulations. This in turn means that for a good fit of the theoretical model to the simulation data, the formation of H 2 O networks and the associated rotational freezing of the H 2 O molecule is an important factor in the adsorption entropy, as well as in the resulting CO 2 /H 2 O selectivity. 
PURE CO 2 ADSORPTION ISOTHERMS IN MFI

Temperature Dependence of Enthalpy and Entropy
In Figure 3 of the main manuscript, we assume that the enthalpy and entropy are constant in the 300 K -400 K range. Figure 5 shows that this is indeed a fair assumption. The adsorption enthalpies on the one hand are taken from NVT Monte-Carlo simulations and deviate less than 0.5 kJ/mol in the considered temperature interval. The adsorption entropies on the other hand are calculated from the expressions in Model 3 and are only slightly increasing as a function of the temperature. 
FORCE FIELD PARAMETERS
Sensitivity Analysis of the Convergence
To check the convergence of the simulations, we increased the simulation time from 50 000 to 500 000 steps. The error bars at the drop in the isobar remain high, indicating that they are inherent to the step itself. The CO 2 /H 2 O selectivity is smoother right after the step, but has the same behavior. The error bars on the CO 2 /H 2 O selectivity were estimated from a first-order Taylor expansion: Isobars and selectivity when the simulation time is increased from 50 000 to 500 000 steps. Table 8 Charges on the atoms. 10, 11 6 Sensitivity of the post-Pareto Search
Force Field Parameters
To check the sensitivity of the post-Pareto algorithm, we vary the importance of the different criteria ( Table  9 ). We argue that the CO 2 /H 2 O and CO 2 /N 2 selectivities are the most important metrics, that the CO 2 uptake is half as important (to avoid the construction of too big an adsorption column) and that the H 2 O uptake is 10 times less important than the selectivity (provided that enough H 2 O is available). For this specific case, we obtain the Pareto skyline in Figure 8 and minimum win fractions in Table 10 . We observe that there is only a limited influence on the minimum win fraction of the materials in the Pareto set. 
